A new sensitive medium was developed to screen and isolate mutagenic Leuconostoc oenos strains defective in malolactic fermentation. The essential components of the medium included fructose (22 mM), L-malic acid (74.6 mM), bromocresol green (as pH indicator), and cellulose powder. The wild-type colonies turned blue, but defective malolactic colonies gave an acid reaction and remained yellow-green.
A new sensitive medium was developed to screen and isolate mutagenic Leuconostoc oenos strains defective in malolactic fermentation. The essential components of the medium included fructose (22 mM), L-malic acid (74.6 mM), bromocresol green (as pH indicator), and cellulose powder. The wild-type colonies turned blue, but defective malolactic colonies gave an acid reaction and remained yellow-green.
The malolactic (ML) fermentation of wine, which is the bacterial conversion of L-malic acid into L-lactic acid and carbon dioxide, results in a natural decrease of acidity. Several studies (4, 8, 13) have shown that Leuconostoc oenos is the species most frequently occurring in wine and mainly responsible for ML fermentation. ML fermentation may occur spontaneously during vinification, but it is difficult to stimulate it consistently (7) . Many studies have focused on the stimulation of ML fermentation by selected bacterial strains (3, 11, 21) .
The purification of ML enzyme (MLE) from Lactobacillus plantarum (1) and from Leuconostoc mesenteroides has already been reported (15) . The corresponding genes from L. oenos (14) and Lactobacillus delbrueckii (22) were cloned in Escherichia coli, but the cloned genes were unstable. A new approach for gene cloning could be envisaged with the development of highly efficient systems of protoplast transformation (12, 18) or electroporation (16) for lactic acid bacteria so that the instability problems described for E. coli would be solved. Thus, it is important to identify more precisely the genes for MLE from L. oenos and to clone it in an industrial strain adapted to wine medium.
To reach that aim, and for physiological and technological studies, it was desirable to isolate different mutants of L. oenos which have lost the ability to decarboxylate malic acid. Media previously described that were based on a pH variation for the detection of Lactobacillus plantarum (5) and Streptococcus lactis (17) The addition of agar allowed differentiation by colony color on a solid medium. When L-malic acid was decarboxylated into L-(+)-lactic acid by a strain of L. oenos, the medium was partly deacidified. The production of D-(-)-lactic acid from the fermentation of glucose and fructose was offset by the decarboxylation of L-malic acid, so that the pH increased (pH > 6.0) and the broth medium or the colonies on agar medium remained blue. When a strain which did not decarboxylate malate was grown in the MLD medium, the D-(-)-lactic acid production was not offset; thus, the broth medium and the colonies became yellow-green (pH = 4.9). To avoid the diffusion of the acid area (colored halo) around the colony, 100 g of cellulose powder (cellulose MN 300; Macherey and Nagel, Duren, Federal Republic of Germany) per liter were added to the basal medium. This addition allowed a distinct screening of up to 150 colonies per plate.
L. oenos 8413 (ML'), kindly given by the Institut d'Oenologie de Bordeaux, was grown in FT 80 medium at 28°C in a 10% CO2 atmosphere. N-Methyl-N'-nitro-N-nitrosoguanidine (NTG) mutagenesis was performed on a midlog-phase culture in FT 80 broth (10 ml). The bacteria were harvested (4,000 x g, 15 min at 20°C), washed twice with citrate buffer (0.1 M, pH 5.5), and then suspended in citrate-NTG buffer (500 ,ug/ml) to give an optical density of 0.5 at 600 nm (==2 x 109 CFU/ml). After incubation at 30°C for 30 min, the mutagenized cells were collected, washed, and resuspended in FT 80 broth (10 ml) for 4 h at 30°C to allow expression of the mutants before pouring them onto plates of MLD medium. These plates were incubated at 28°C in a 10% CO2 atmosphere for 10 days. The exposure to NTG gave a 90% kill based on viability counts and a mutant frequency of 1 in 2,000 CFU.
Four colonies giving an acid reaction (ML-) were picked, and their phenotypic characteristics were compared with those of the parent strain (ML') as to lactic acid production from carbohydrates, gas production from glucose, utilization of L-malic acid in the presence of sugars, MLE specific activity, and plasmid patterns. API 50 CH test kits (API System S.A.) were used to check carbohydrate assimilation APPL. ENVIRON. MICROBIOL. patterns in MLD medium, without L-malic acid, and were incubated at 28°C in a 10% CO2 atmosphere for 48 h. The gas production from glucose in MRS medium (6) at pH 5.2 was shown by the method of Gibson and Abd el Malek (9). The MLE specific activity was determined by using the manometric method of Warburg (20) to measure the CO2 released from L-malate in a phosphate buffer (pH 4.5) containing KH2PO4 (10 g/l), L-malic acid (5 g/liter), cells and 1.25 optical density units at 600 nm [0.5 mg dry weight per ml]).
These cells were harvested in the late exponential phase of growth (4,000 x g, 15 min at 20°C), washed, and suspended in saline. The activity was expressed as micromoles of CO2 produced per hour per milligram of dry weight biomass.
The results for the four 8413 mutants (ML-) and the parent culture (ML') are shown in Table 2 . No difference in carbohydrate assimilation patterns was observed, and glucose, fructose, arabinose, and ribose were still metabolized. When MLD medium was prepared without malic acid, L. oenos 8413 and mutants gave an acid reaction. The five cultures produced CO2 from glucose, but only the parent strain produced a significant amount of CO2 from malate. However, a residual MLE activity less than 20% of ML' activity was observed for mutants. Plasmid pLo8413 (3.8 kilobases) detected in the parent strain was found also in the mutants (Fig. 1) . The identification of the three forms of this plasmid (covalently closed circular, open circular, and linear) was achieved by the method of Hintermann et al. (10) .
Moreover, plasmid-curing treatments with ethidium bromide and acridine orange were not suitable for production of ML mutants (results not shown). These results suggest that ML activity in the L. oenos strain examined in this study is not encoded on plasmid DNA.
MLD medium has proven its efficiency for screening a large number of mutagenized (ML-) strains of L. oenos. A further characterization of these mutants and a correlation between the mutation and either the regulatory or the permease genes are in progress. Such studies will allow a better understanding of the malic acid metabolism of L. 
